INTRODUCTION
============

Cancers, cerebrovascular diseases, and cardiovascular diseases which are the three major causes of death in Korea are typical of chronic diseases. These comprised 47.8% of the total mortality rate in 2009. Compared to the results from 1999, the mortality rate from cancer had increased to 23.1% by 2009, but the trend by cancer types showed differences. Cerebrovascular diseases had decreased to 28.6% in 2009 compared to the 1999 result. Meanwhile, ischemic heart disease, which is one of the causes of death by heart disease, showed a sharply increased (by 40.9%) crude death rate from 18.4% in 1999 to 26.0% in 2009 \[[@B1]\].

The mortality rate by coronary heart disease (CHD) and ischemic heart disease had continuously decreased in developed countries \[[@B2],[@B3]\]. However, the mortality rate by cardiovascular diseases has consistently increased in Korea. In addition, it was pointed out that the epidemic of CHD broke out in Korea in the comparison study on the trend of the mortality rate by cardiac disorders in World Health Organization (WHO) member countries \[[@B2]\]. Although the trends in CHD and stroke have decreased in some developed countries, these diseases remain the main cause of death worldwide. Furthermore, the WHO predicted that CHD would be the top ranked cause of death in 2020 \[[@B4]\].

Although many studies on disease-specific risk factors have been actively performed to prevent major chronic diseases \[[@B5],[@B6]\], it has been difficult to determine the causal relationship because complex causes affected the incidence of diseases. The main cause affecting the mortality rate is age, though it is suggested that the year of birth could affect the prevalence and mortality rates, confirming that the exposure to risk factors in critical periods affects diseases by emphasizing a life-course approach to explaining the mechanism for the occurrence of the diseases \[[@B7]\].

Although it is easy to calculate the mortality rate, detailed information on the trends could be missed in the averaging process. Hence, the analysis of the mortality rate from specific diseases by time should provide a clue to understanding the disease because each disease has its own trend in the mortality rate \[[@B8]\].

It has been suggested that an age-period-cohort (APC) analysis for the disease-specific mortality rates is necessary \[[@B8],[@B9]\], however, only a few such studies have been performed in Korea. Therefore, using mortality data from 1985 to 2009, this study analyzed the APC effect on ischemic heart disease.

METHODS
=======

Data Collection
---------------

Using the mortality data of Statistics Korea on the number of deaths and the mortality rate, the data were collected using code I20-I25 of the WHO-recommended International Classification of Diseases and Causes of Death from 1985 to 2009. The mortality data was classified into 5 categories in 5-year periods.

To exclude the effect of hereditary diseases on death, the data for those aged 40 to 79 at death were used in the analysis. The data for those aged 80 and older at death was excluded because their data were difficult to calculate in 5-year periods from 1985 to 1997. The ages were divided into 8 categories, each of which was a 5-year period.

Data Analysis
-------------

To compare mortality rates, a direct adjustment for age was applied. After calculating the crude mortality rates by age, the direct age adjusted mortality rate was produced from the standardized male and female population, considered separately. The standardized population was calculated by summation of the mid-year population of subjects according to the resident registration of males and females in each year from 1985 to 2009.

To analyze the mortality rate in an APC model, the intrinsic estimator (IE) method, applying the principal component regression analysis of the APC analysis method, was developed by Yang \[[@B8],[@B10]\]. Thus, this study investigated the APC effect on the total mortality rate by ischemic heart disease using the IE model. In addition, this study analyzed the effect by gender. STATA software version 11.0 (Stata Corp., College Station, TX, USA) was used for the analysis using the \"apc_ie\" command statement.

RESULTS
=======

The calculation of the age-adjusted mortality rate from 1985 to 2009 showed no significant difference in the period of 1985 to 1989. However, since then, significant differences were shown by age group in the male subjects. In the females, the mortality rate was relatively high in the group aged 75 or older in the late 90s. The standardized mortality rates of males and females both decreased from the period of 2000 to 2004 to the period of 2005 to 2009 in every age group ([Table 1](#T1){ref-type="table"}).

In total analyses, the APC effects on the mortality rate were statistically significant. Even under conditions in which the period-cohort effect is controlled, the typical age effect was shown. However, the age effect differed by gender. While the mortality rate in males was higher than that of females aged younger than the mid-60s, the female mortality rate became higher than that of males after the mid-60s. This difference by gender increased with age.

For the period effect with adjusting for age-cohort effect, the mortality rate increased from 1985 to 1999, and then it decreased. The patterns of the period effects were parallel in males and females.

In the cohort effect analysis, the mortality rate had consistently increased since a birth year of 1910, and it peaked during the period from 1925 to 1930. For birth years after that, the trend of the mortality rate showed a rapid decline. Unlike the total results, the mortality rate in males showed a fluctuation, and that of the population born in 1930 rapidly decreased. In female, the mortality rate peaked in 1925, and since then, the mortality rate was reduced. As a result of the IE analysis, the cohort effect was significant in females only. However, when the year of birth was closer to the present, the trends of the decreased mortality rate by ischemic heart disease for the two sexes were equal ([Figure 1](#F1){ref-type="fig"}).

DISCUSSION
==========

This study analyzed the trend in the mortality rate over time by the IE method using the data on mortality by ischemic heart disease from 1985 to 2009. Overall, the mortality rate steadily increased since 1985. The mortality rate of females was higher than that of males. All three effects were significant in total mortality rates. Considering the year of birth, the mortality rate after 1910 rapidly increased, and it peaked between 1925 and 1930, then it rapidly decreased. In a gender-stratified analysis, the age-period effects were significant in both genders. However, the cohort effect was significant in females only.

Although CHD is the main cause of death, the mortality rate by CHD started to decrease in some developed countries beginning in the late 20th century \[[@B11]\]. The starting point for this change of trend may be different in each country, and it could be explained by the APC effect.

As one of the time factors, the age effect is the first consideration. The mortality rate by cardiovascular disease could increase due to the decline of biological functioning caused by aging. The age effect of each disease differs by gender. CHD in females occurs around ten years later than in males, and its occurrence increases after menopause \[[@B12]\]. The high mortality rate in females could be explained by post-menopausal hormonal unbalance late in life \[[@B13]\]. As the future ratio of females to males in the aging population, is expected to continue to grow, the age effect in females can be expected to continue from now on.

While economic growth and the development of medical technology contribute to the decline in the mortality rate, the western diet and rapid lifestyle changes lead to an increase in the risk of major chronic diseases \[[@B11]\]. The recent decline in the mortality rate of ischemic heart disease would be affected by the development of medical technology and the improvement of the medical system. Besides, the decline of the smoking rate in males since 1998 and the diminution of the prevalence for hypertension would contribute to the decrease of the mortality rate since 2000 \[[@B14]\]. However, the increases in animal fats intake and the smoking rate in younger women are expected to affect the future morbidity and mortality rates \[[@B11],[@B15],[@B16]\].

In most studies, the year of birth is not considered. To understand the time trend of general diseases, the cohort effect should be considered to obtain results without bias \[[@B17]\]. Among the Korean studies analyzing the APC effect by using mortality data, there was a study on the mortality data by acute myocardial infarction from 1988 to 2007, and showed a high mortality rate in the cohort group born between 1945 and 1950 \[[@B18]\]. The cause of death classification code (I20-I25) by ischemic heart disease includes acute myocardial infarction (I21), and acute myocardial infarction causes 82% of all deaths caused by ischemic heart disease. As a result of the detailed analysis of acute myocardial infarction as a cause of death, the cohort effect of the cause of death by acute myocardial infarction was the highest for births in 1935 ([Appendix 1](#APP1){ref-type="app"}). Minor differences may be shown by the cohort size and the period of the data \[[@B2]\]. In addition, using various statistical methods for analysis would lead to different results.

The cohort effect describes the influence of the environment at the year of birth. In this study, it was difficult to explain the relative period difference in early 1900. In a previous study on the analysis of breast cancer by time, the trend toward an increased mortality rate in the group born in the early 1900s was similar to the result of this study \[[@B19]\]. Although these results could arise from a coincidence or the age effect, the environmental influence at that time could affect both of the two diseases.

When the APC effect is analyzed, three factors have a high correlation. Thus, using all three factors at the same time, there is an identification problem, which means it is difficult to distinguish clearly among each effect. For this reason, alternative methods of approaching this problem have been suggested. Generally, the limited constrained generalized linear model (CGLM), which is designed to estimate relative coefficients in a standard comparative category as constraining conditions are given on a parameter vector, has been used. In CGLM analysis, it is difficult to achieve consistent results because an estimated parameter value is changed by the selection of reference categories and prior information for category selection is needed \[[@B10]\].

To improve the statistical method, the IE method applying principal component regression analysis was recently developed \[[@B8],[@B10]\]. The IE is a more useful method because the stable confidence interval can be calculated and the direct estimation without selection of reference category. However, both methods have had limitations in solving the identification problem so far \[[@B10]\].

To understand the APC effect of this study, the following factors should be considered. The cause of death is classified by a physician. In this process, other accompanying causes may not be identified, and changes in the cause of death classification system could cause errors. Some previous studies have reported that changes in the cause of death classification system did not have a major effect on the mortality rate by disease \[[@B16]\]. When the cause of death is classified as being related to the cardiovascular system, other diseases often accompany. Thus, the classification would be affected by general practices and physicians\' classification tendencies could affect the classification \[[@B20]\]. For the group data, various factors affecting the occurrence of diseases were not considered \[[@B9]\]. Lastly, a survivor bias must be considered when mortality data is interpreted because early death from the same diseases would have resulted from higher exposure rates.

Nevertheless, this trend analysis could provide a basis for disease prevention. The cohort effect can be analyzed to evaluate national prevention policies with the management of high risk groups by predicting the main population whose mortality rate will be affected in the future.
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Age-period-cohort effect of mortality rate caused by myocardial infarction from 1985 to 2009 using an intrinsic estimator. Error bars indicate a 95% confidence interval; age effects (A and D), period effects (B and E), and cohort effects (C and F). Results of total population in the present study indicate top line and results of gender-stratified analysis present bottom line.
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Age-adjusted mortality rate caused by ischemic heart disease (ICD 10 I20-I25) in Korean adults (aged 40 to 79) from 1985 to 2009

![](jpmph-45-323-i001)

Unit: per 100 000 persons.

ICD 10, the 10th revision of the International Classification of Disease.
